The Belle II experiment at the SuperKEKB asymmetric e + e − collider at KEK, Tsukuba, Japan, is recording data since 2018. The expected high luminosity of L = 8 · 10 35 cm −2 s −1 enables searches for yet unobserved exotic hadronic states in B-meson decays. We describe the search for a partner state of the X(3872) at the D * D * 0 threshold. The reconstruction of charmed mesons is tested with experimental data corresponding to an integrated luminosity of 504 pb −1 collected at the energy in the center of mass of ϒ(4S) in 2018, and 2.62 fb −1 in 2019.
The Belle II Detector
The Belle II experiment is located at the asymmetric e + e − collider SuperKEKB in Tsukuba, Japan [7] . It is operating at √ s = 10.58 GeV, corresponding to the ϒ(4S) resonance which decays dominantly to B 0B0 or B + B − . Similar to its predecessor Belle, it is a multi-layer detector consisting of various sub-detectors allowing for tracking, particle identification and energy measurement capabilities assorted in a barrel-shaped geometry. The acceptance in the laboratory frame is 2π in the azimuthal and 17 • < Θ < 150 • in the polar plane. At the innermost layer, Belle II features a Vertex detector system (VXD) made up of a two-layer DEPFET Pixel Detector (PXD) and a four-layer silicon strip Vertex Detector (SVD). The inner tracking devices are surrounded by the Central Drift Chamber (CDC), a wire chamber tracking detector. Particle identification is done by a quartz-plate Time of Propagation detector (TOP) and an Aerogel ring-imagine-Cherenkov detector (ARICH), placed at the outer layer of the CDC. The electromagnetic calorimeter, consisting of Thalliumdoped Cesium Iodide (CsI(TI)), is placed outside the particle identification devices. For K 0 L and muon identification, the K 0 L and muon detector (KLM) is placed outside of the ECL. It consists of alternating iron plates with scintillators and resistive plate chambers for detection and is also responsible for returning the magnetic flux. For details about the Belle II detector performance, we refer to [4] , [5] .
3. Simulation of an X(3872) partner state at the D * 0D * 0 threshold
We simulate a potential, exotic charmonium resonance at the D * 0D * 0 threshold assuming the same total width as the X(3872), Γ < 1.2 MeV [6] . To reconstruct the potential candidate, we use the D * 0 → D 0 π 0 decays. Furthermore, we reconstruct the candidates directly in D 0D0 π 0 π 0 , without requiring an intermediate resonance which results in wider phase space for the D 0 and π 0 momentum leading to a better separation of signal and background in the X(4014) invariant mass spectrum. D 0 mesons are reconstructed in 5 decay modes. The whole decay chain is summarized in Fig. 1 . Figure 1 : Decay chain used for simulation of the X(4014).
Selection of Final State Particles
We select only events with more than 5 tracks satisfying the criterion of having the probability of χ 2 of the vertex fit when combining and fitting the reconstructed tracks P(χ 2 ) > 0.1%. K ± and π ∓ are reconstructed with a rather loose particle identification (PID) criterion of > 0.05 and > 0.1 respectively, the higher value in case of the K ± is due to the higher purity of misidentified candidates up to 0.1. The PID is defined as L K /ΣL i , where L i is the likelihood for the particle being identified as electron, pion, deuteron, proton, muon or kaon. Using a higher PID decreases the overall reconstruction efficiency of the B ± significantly while the increase in purity is negligible. For both particles, we select only those, for which the corresponding track originates within |d0| < 0.5 cm and |dz| < 3 cm, where d0 defines the point of closest approach to the corresponding track and dz being the distance in beam-direction with respect to the interaction point. Photons are selected by having at least 1.5 hits in the ECL crystals and energy greater than 25 MeV. The fraction of deposited energy in 5 × 5 over 3 × 3 clusters should be greater than 0.9. π 0 s originating from D 0 can populate a much broader momentum range as the ones from the X(4014) decay. Since the π 0 is decaying into two photons, a higher momentum of the π 0 can be directly translated into higher photon energies as shown in Fig. 2 . Introducing a separation in the energy of E γ > 0.12 MeV for photons from π 0 stemming from D 0 and E γ < 0.12 MeV the ones originating directly from X(4014), leads to a better reconstruction efficiency and, compared to a selection on the π 0 energy directly, to a significant gain in purity. Reconstructed π 0 s are selected in a mass range of 0.11 < M < 0.16 MeV/c 2 for candidates stemming from D 0 and 0.1 < M < 0.17 MeV/c 2 for candidates from X(4014). All candidates passing the above selection criteria are mass fit constrained.
Reconstruction of Intermidiate D 0 States
As already shown before, we reconstruct the D 0 in 5 channels ( Fig. 1) which sum up to a total of ≈ 30% of the D 0 branching fraction. In Fig. 3 we show the fitted invariant mass peaks for the different channels. We select all candidates within a 3σ region around the invariant mass mean and apply a vertex, then a mass fit constraint.
Reconstruction and Selection of B ± Candidates
We combine two D 0 and two π 0 to form a possible candidate for the X(4014) resonance and select all candidates within a mass range of 3.9 < M < 4.06 GeV/c 2 . In order to reconstruct the B ± , a K ± is added to the X(4014) candidate and a preselection of |∆E| < 0.2 GeV and M BC > 5.2 GeV/c 2 is applied with |∆E| = |E B − E Beam |, the energy difference between the reconstructed B ± and the beam and M BC = E 2 Beam − Σp 2 B , the beam constraint mass.
After reconstruction, we apply a tighter selection window of |∆E| < 0.01 GeV and M BC > 5.27 GeV/c 2 which removes a significant part of the combinatorial background due to wrong kinematics of the B ± daughters. The purity of the sample increases from 0.6 % to 3.9 % while the effect on reconstruction efficiency is found to be negligible at the level of 0.2 %. Due to the high multiplicity of 9.4 B ± candidates per event, we need to further improve our selection by applying a Best Candidate Selection (BCS) which is shown in Eq. 3.1.
• M D 0 ,1/2 , σ D 0 ,1/2 : mass and fitted width (decay specific) of the first or second D 0
• M PDG * : nominal mass of the particle • M π 0 ,1/2 , σ π 0 : mass and fitted width of the first or second π 0
• M π 0 ,D , σ π 0 ,D : mass and fitted width of the π 0 in case of D 0 → K ± π ∓ π 0 decay
• |∆E|, σ ∆E : energy difference and fitted width of energy difference between B ± and the beam
: fitted width of the beam constrained mass minus the nominal B mass
: Goodness of fitted track
• kaonID i , pionID i : Kaon and Pion ID of the final state particles in the decay
We calculate χ 2 BCS as shown in the equation above for each candidate and select the one with the smallest χ 2 BCS for each event. The purity of the signal sample increases from 3.9 % to 21.4 % while the reconstruction efficiency drops from 1.2 % to 0.8 %, which is, due to the significant rise in purity, acceptable.
Estimation for discovery in an 2 ab −1 data set
In order to understand whether an integrated luminosity equal to L = 2 ab −1 is sufficient for the observation of the aforementioned X(4014) at Belle II, we estimate the number of signal events corresponding to a branching fraction of B = 10 −4 for the decay B ± → X(4014)K ± , X(4014) → D 0D0 π 0 π 0 , similar to that of the X(3872):
Since we only take into account D 0 decays which sum up to 30% of the total branching fraction, we do not consider the radiative D * 0 decay and we only reconstruct charged B-mesons, we expect an effective, detectable number of 15000 signal events in 2 ab −1 of data. We use a convolution of a Breit-Wigner distribution with two Gaussians as the probability density function for the signal, a bifurcated Gaussian for the combinatorial background and F genBKG (x; p 0 , p 1 , p 2 , x 0 ) = p 0 (x − x 0 ) p 1 · e p 2 (x−x 0 ) for the generic background.
The total data set including all three components are then fitted with an unbinned maximum likelihood fit, using the sum of the functions above. The outcome can be seen in Fig. 4 . We perform the fit again with a model containing the two background component functions only, to get the likelihood for background only assumption. The significance is then calculated via σ = 2 · (ln(S + B) − ln(B)). If the X(3872) partner exists and has a comparable branching fraction, we expect to see a peaking structure with 6.5 σ statistical significance.
D Meson Reconstruction in Early Data
Until Belle II collects more data, a full reconstruction of B ± → X(4014)K ± is not possible, but a first verification of the final state particle selections and fits on intermediate resonances might be feasible. In the following, we compare the two data sets collected so far during the commissioning run 1 2018 (0.504 fb −1 ) and the first full detector 2 run in 2019 (2.62 fb −1 ). The widths of the reconstructed D 0 signals in data are consistent with the widths obtained in MC simulation.
M(K

